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@ Non-aqueous electrolyte secondaiy celL 

f^m^hfr''"^"^ ^ f^*^! secondary cell comprises a negative electrode composed of at least one selected 
^^I nntT^ ^r"!"^ 1 ""^'""^ ^""^ compounds, a non-aqueous electrolyte containing a lithium salt. 

O. whe^M Is a?Si ^ composHlon represented by the general forniuTa. UJA^Win^^ 

^OpTv i T^i « f 5!^ ^"'"P consisting of Co. Cr. Fe and the like. 0.85 S x < 1.15. ^ 

Serimi f^nS'l U S^S^rT «*ve material in a charged state has a composition represented by the 

electrode active material on charging. The non-aqueous electrolyte secondary cell has an improved cyclTlfe 
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NON-AOUEOUS ELECTROLYTE SECONDARY CELL 



BACKGROUND OF THE INVENTION 



Reld of the Invention 

5 

The present invention relates to an improvement of a norv^queous electrolyte secondary cell, and more . 
particularly, to an improvement of positive electrode active material for the purpose of enhancing the cycle 
life of the celt. 

70 

Description of Related Art 

Non-aqueous electrolyte secondary cells having a negative electrode of lithium or a lithium compound 
have been expected to have a high voltage and a high energy density, and many researches have been 
15 made. 

Particularly, an intensive research has been made about Mn02 and TiSz as positive electrode active 
materials. Recently. Taclceray et al have reported that LiMn204 could be used as positive electrode active 
material. [Mat Res. Bull., Vol. 18. pp. 461-472. (1983)]. 

LiMn204 has a cubic system crystal structure of the spinel type, and can be used as positive electrode 

20 active material in a eel! resulting in generation of a high discharge voltage thereof in the order of 4 volts. 
Thus. It has been expected to be a prospective positive electrode active material. 

However, this positive electrode active material produces a problem about cycling characteristics 
associated with charge^lischarge cyclic operation. That is. repetition of charging and discharging results in 
a considerable reduction of discharge capacity. 

25 The LiMn204 positive electrode active material gives rise to a two step-type discharge curve where two 
fiat regions appear at about 4 and 2.8 volts during discharge to 2 volts after charging to 4.5 volts as shown 
in FIGURE 2. wherein the abscissa represents a composition of positive electrode active material used. The 
charge and discharge are effected with Insertion of U ions into the positive electrode active material and 
extraction of U ions therefrom as reported by Ohzuku et al. (Pnsceedings of the 29th Electric Cell 

so Symposium). The positive electrode active material having a composition of UJMir\204 causes charging and 
discharging with a variation of x. 

In view of the second flat step region at about 2.8 volts, a good stability of cycling characteristics has 
been achieved by limiting a charging voltage up to 3.8 volts with discharging voltsge being limited down to 
2 volts, that Is. by the charge and discharge cycles with a variation of x from about 1 to 1.85. 

-,35 However,-such-t8Chnlque_xannot-achlav©_a_hlgb_JBnetgy_deDSlt^^ 

density, the first step cycle wherein charging up to 4.5 volts and discharging dovm to 3 volts may be 
allowed, that is. the charge until x reaches 1 or less, preferably 0.7 and the discharge until x reaches 1 or 
1.85. may be advantageously employed. However, the cycle where charging is performed until x reaches 
less than 0.7 exhibits an Inferior cycle life in that the discharging capacity is reduced to a half while 

4o effecting a number of cycles in the order of only about 50. When charging is performed to an extent as x 
being over 0.7, an insufficient charge Is caused malcing it difficult to obtain a sufficient discharging capacity. 



SUMMARY OF THE INVEIMTION 

4S 

An object of the present invention is to improve a positive electrode active material for the purpose of 
enhancing the cycle life of the non-aqueous electrolyte secondary cell with LJMn20A as positive electrode 
active material. 

Another object of the present invention Is to provide a non-aqueous electrolyte secondary cell having a 
60 negative electrode of lithium or a lithium compound, a positive electrode, and a non-aqueous electrolyte 
containing a lithium salt, characterized in that said positive electrode comprises a positive electrode active 
material represented by the general formula: 
' LJxMyMn(2^04 

wherein M is at least one selected from the group consisting of Co. Cr. Fe and the like. 0.85 ^ x ^ 1.15. and 
0.02 Sy^ 0.3. and that said positive electrode active material releases lithium ions vrith charging, wherebiy 
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positive electrode active material In a charged state has a composition represented by the general 

LUMyMn(2^04 
wherein x S 0.7. 

6 

BRIEF DESCRIPTION OF THE DRAWINGS 

RGURE 1 is a graph showing some dependencies of the discharge capacity upon the number of 
10 cycles as cycling characteristics of cells. numoer oi 

^ ^ * common discharge cun^e of a cell with UMnzO* when charging up to 4.5 volts 

and discharging to 2 voKs. a a r 

RQURE 3 is a cross-sectional view of the cells used in test. 
RGURE 4 is a graph showing some discharge curves of the cells. 
IB RGURE 5 is a plot of the rate of deterioration as a function of the mol ratio of UC0O2 to UMnaO* as 

cycling characteristics. 

oSliof ® ® °^ discharge capacity as a function of x from U,Mn20« at the first cycle. 
RGURE 7 IS a plot of the rate of deterioration with cycle as a function of x of UKMn204 
RGURE 8 shows a comparison of the discharge cwve of an embodiment of cells In accordance with 
^,1/"^ Invention, cell D using UojiCoo.iMn,a,0*. with that of conventional cell B using UMnaO^ at the 
oiitn cyclo. 

RGURE 9 shows a comparison of the discharge cun/e of an embodiment of cells In accordance with 
Tn^?''®^®!'^ Invention, cell E using UFeoaMn,4,0». with that of conventional cell B using UMnzO* at the 
lOutn cycle. 

26 RGURE .10 shows plots of the discharge capacities of the cells at each cycle. 

50th c^te""^ " discharge capacity in terms of mAH as a function of y of UFeyMnp^rt04 at the 

i« . "^yS^ ^ deterioration wHh cycle of one of the active materials of the present 

Invention, UFeyMn(2.y)04. as a function of y. . 

FlQUflE 13 shows the rate of deterioration with cyde of the cell using one of the active materials of 
the present invention. LICryMn(a.y,04 as a function of y. 

RGURE 14 shows the charge and discharge curves of an embodiment of the cells In accordance 
with ttte presem Invention, cell F using Uo^Feo.aMn,a,04. those of another embodiment of the present 
Inveritton. cell Q using Ua»Cro^Mn,,04. those of one of Comparative Examples, cell H using UcMnaO* 
containing no Fe nor Cr. wRh less U, and ttiose of conventional cell B using UMn,©* at the SOtti cycle for 
comparison purpose. : ' 

SoMof ^ ^ discharge capacity of the cells as a function of the number of cycles, 
i he aum cyS^ ^ discha rge capacity in terms of mAH as a function of y of UajFe Mn«^» at 

RGURE 17 shows the rate of deterioration wKh cyde of one of the active materials of the present 
invention, UMFeyMn(a.„04. as a function of y; 

RGURE 18 shows the rate of deterioration with cycle of one of the active materials of the present 
invention. UaaCryMn|a.y}04. as a function of y. 

^® ^ discharge airves of cell I In accordance with «ie present invention, 

and those of a conventional cell B. at the first cycle (i-1. B-1). and at the 50th cyde (1-50. B-SO) 

« ® '^'a*"'"** between the disdiarge capacity and the composition of active 

material. LixCoojjMni^04. as a function of x. at the end of charging. 

DETAIl£D DESCRIPTION OF PREFERRED EMBODIIVIENTS 

ILlMn204 has a cubic system crystal slmcture of tiie spinel type, from which U ions may be extracted 
•!l??fr^ ^2 '"^ ^ ^^'^ dlsdiarging. X-ray diffraction analysis has shown that 

the ljMn204 after repeating the charging and discharging cycle has a reduced crystaliiijity 
c«iiJ^^°!,!!L!D! °" on the diaracteristics of the active material. UJVIn204. synthesized chemi- 

cally w«h varying x has shown that disdiarge capadty and cycling characteristics are changed with the 
value of X. This indicates that the stabiitty of the crystal structure of the active material itself has an 
Influence on tiie cycle life. 

Further examination has shown that the active materials of UJVIn204 with a part of Mn atoms being 
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replaced by Co. Cr or Fe atoms have smaller lattice constants than those of LlxMn204. From the study on 
the characteristics of these materials as positive electrode active materials for secondary cells, they have 
been found to become positive electrode active materials for secondary cells having gocxi cycle life which 
afford a high discharge capacity even after a number of cycles. 
5 The enhancement of cycle life as described at>ove may be attributed to an Increase of the stability of 
the crystal structure which is caused by a reduction of the lattice constants of the spinel structure with a 
part of Mn atoms In the LixMnzOA being replaced by Co, Fe or Cr atoms. 

The present Invention will be Illustrated with reference to the following Examples. 

10 

Example 1 . 

As an active material of UMn204 with Mn atoms being replaced by Co atoms, a solid solution of 
LiMn204 and LIC0O2 was studied. 

Preparation of LiMn204 

A blend of U2CO3 and Mn304 in a mol ratio of 3 to 4 was intimately mixed, aihd then the resulting 
20 mixture was heated in air at a temperature of 900* C for 10 hours to produce UMn204. 



Preparation of LIC0O2 

25 A blend of Lt2C03 and CoCOa in a mol ratio of 1 to 2 was intimately mixed, and then the resulting 
mixture was heated In air at a temperature of 900* C for 10 hours to produce UC0O2. 



Preparation of a solid solution of LiMn204 with LiCoOa 
30 " 

A blend of UCoQz and IJMn204 In a mol ratio of 10 to 45 was intimately mixed, and then the resulting 
mixture was heated In air at a temperature of 900* C for 10 hours. 



35 Preparation of cells 

7 parts by weight of the solid solution of L!Mn204 with LICo02 being dissolved therein as positive 
electrode active, material . 2 parts by weight of acethylene black as conductive material, and 1 part t)y 
weight of polytetrafluoroethylene were mixed to produce a mixture tor pdsffive~*eIectrode. OT~gf.~ of'tHe* 
40 mixture for positive electrode was pressed under a pressure of 1 ton/cm^ to a diameter of 17.5 mm to 
obtained a positive electrode. The cross-sectional view of the manufactured cell is shown in FIGURE 3. The 
formed positive electrode 1 is placed on case 2. A porous polypropylene film separator 3 is placed on 
positive electrode 1. As negative electrode, lithium plate 4 of 17.5 mm in diameter x 0.3 mm In thickness 
was attached under pressure onto seal plate 5 which was sealed with polypropylene gasket 6. A non- 
45 aqueous electrolyte was prepared from a mixed solution of propylenecarbonate and dimethoxyethane in a 
volume ratio of 1 to 1 In which lithium perchlorate was dissolved In an amount of 1 mol/l. and added onto 
the separator and the negative electrode. Then, the cell was sealed. This cell will be referred to as cell A. 

Similarly, a conventional cell using LJMn204 as positive electrode active material is designated as cell 
B. An additional conventional cell using UCoOa as positive electrode active material is designated as cell C. 
60 These cells were charged up to 4.5 volts at a constant electric current of 2 mA^ and discharged to 3 volts, 
which cycle was repeated. . 

Under such conditions, at the first cycle, thei cells were charged until a proportion of x in the positive 
electrode active material reached below 0.7. i.e.» 0.3. and discharged until the x reached 1, as can be seen 
from FIGURE 2. „ 
65 FIGURE 1 is a plot of the discharge capacity as a function of the number of cycles, it can be 
appreciated from the FIGURE that the positive electrode of the solid solution of LiMn204 wHh IJC0O2 being 
dissolved therein In accordance with the present Invention exhibited less deterioration. FIGURE 4 shows 
discharge curves of typical discharging characteristics of each of the three cells at the tenth cycle where 
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^" '"s'9"'«=ant. It can be appreciated from this FIGURE that the solid solution of 
UMnzO* with UC0O2 being dissolved therein In accordance with the present invention allowed to discharge 
at the same voltage as that by UMn20« and is different from UC0O2. 

X-ray diffraction analysis has shown that the solid solution of UMnjO^ with UCoOj being dissolved 
therein in accordance with the present Invention has almost the same diffraction pattem as that of LiMnaO* 
However the locations of pealcs in the pattern of the solid solution are shifted to a higher angle as 
compared with those of UMnjO*. and the lattice constant is 8.21 A while that of UMnzO^ is 8.24 Taking 
into consideration the results, the effect would be assumed that the contract of the lattice constant stabilizes 
the crystal causing enhancement of the cycle life. 

Generally, spinel has a composition of ABzO* 9s UMnaO*. wherein A is a metal element located at the 
center of a surrounding tetrahedron of oxygen atoms, and B Is a metal element at the center of a 
eurroundlrio octahedron of oxygen atoriis. However. UC0O2 does not have this composition. Therefore, the 
solid solution as described in this Example is assumed to have the foUowIng composition- 
10 UC0O2 + 45 UMnaO* = LissCo,oMn9o02oo 

that is. U,.,CooiMn,4,0* wherein Co and Mn atoms corresponding to the total of 2.0 are in the surrounding 
octahedron of oxygen atoms, and U atoms corresponding to 1.0 are in the ordinary locations as in the 
normal spinel, and the remainder of U atoms corresponding to 0.1 are in the vacant surrounding tetrahedron 
of oxygen atoms in the spinel. Thus, the solid solution of UMnjOi with UC0O2 being dissolved therein in 
accordance with the present invention is of a different composition from that of the normal spinel. 

Example 2 

«» . In^^ ^T.^'® °* UMniO, with UC002 being dissolved therein where the ratio 

of UC0O2 to UMnjO* was varied were prepared, and the characteristics of the positive electrode active 
materials were studied. 

The solid solutions were made by heating and used to manufacture cells, as described In Example 1 
whose characteristics were examined. 

The cycling characteristics of the posltWe electrode active materials were represented by an index 
which Is a product obtained by subtracflng the discharge capacity at the 50th cycle from that at the tenth 
cycle and div dng the difference by the latter discharge capacity. That Is. the index means a rate of 
deterioration with cycles, the value of which should be lower for higher perfonnance. RQURE 5 Is a plot of 
the cycling characteristics versus the mol ratio of UC0O2 to UMnzO*. As an amount of UCoOz was 
^!^!^1^'T^J',1!yr>^^''?^^'^ "^^^ enhanced. However, an extent of the enhancement was reduced 
with the ratio of UCo02 to UMmO* being increased from 10 to 45. Moreover, as an amount of UC0O2 was 
increased to a ratio of 1 to 1. the cycling characteristics were rather lowered. 

As can be seen from the above, the ratio of UCoOayUMnzO* should preferably be from 2/98 to 30/85. 
more preferably from 5/97.S to 28/87. That is. the compnatHnn »r fh^ «»ii^ .r.,.^^„ -Thniilfl Drnfrmhly M 
u,4„Coo«Mn,^ to Ui.,5Coo^Mn,.,0*. more preferably U,.o25Coo4,5Mn,4»0« to Uo.„Coo.2aMn,.,40*. 

X-ray diffraction analysis has shown that in the active materials used in this Example, the solid solutions 
having a ratio of UC0O2 to UMnaO* up to 30 to 85 exhibited the same pattern as that of LiMnaO*. and that 
the larger the proportion of the dissolved UCoQa. the smaller the lattice constam of the cubic crystal. Above 
that ratio, other peaks appear In the diffraction pattem implying existence of other crystal system than 
cubic. 

Example 3 

• « ^ ^ 2' and UMnaO* were reacted to produce the solid solutions of UMnaO* with 

UCoOa being dissolved therein. Such method was HmeKunsuming because of low reactivity of UCoOa and 
UMnaO*. In this Example, predetemiined amounts of UaCOs. Mn^O, and CoCOa were intimately mixed 
and then reacted by heating at a temperature of 900* C for 10 hours, rather than the production of UC0O2 
and uMnaO* separately. 

, . ^J^^^^ produce solid solutions having the same composition as described in Example 1. 27.5 mote 
Of UaCOs. 30 mote of MnaO* and 10 mols of C0CO2 were mixed and then heated at a temperature of 
BOO C for 10 hours. The X-ray diffraction analysis of the producte and the similar cell tests produced the 
identical results. 
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Example 4 

In Examples 1 and 2, it has been found that the cycling characteristics of the celts could be enhanced 
by dissolving LtCo02 Into LiMn204 having a structure of the spinel type with maintaining the crystal 
5 structure of IJMn204. In such case. It was believed that Co atoms entered substituting for Mn atoms, and a 
ratio of Li atoms to oxygen atoms were increased to 1 to 4 or more. 

In Example 3, it was found that UxC0yMn(2.y)04 could be produced by mixing predetermined amounts of 
.-a Li compound. Co compound and Mn compound, and heating the mixture. 

In this Example, solid solutions of LixCoyMn(2.y>04 with y being varied while keeping the value of x 
10 constant, and with x being varied while lieeping the value of y constant were prepared, and these positive, 
electrode active materials were examined for their cycling characteristics. 

Predetermined amounts of Li2G03. CoCOa and Mn304 were weighed so as to achieve y 0. 0.01. 
0.02. 0.05, 0.1, OA 0.3 and 0.4 corresponding to x = 1.0. 1.01, 1.025, 1.05. 1.10. 1.15 and 1.20. Solid 
solutions were produced as In Example 3. Cells were manufactured and tested for the cycling characterise 
75 tics as in Example 1. 

The rate of deterioration was determined for the cycling characteristics as In Example 2, and the 
obtained deterioration rates of the active materials are shown In Table 1 with the corresponding values of x 
and y. H has been found from the results that the proportions of U, x and of Go. y are both effective for 
enhancement of the cycle life of the positive electrode active materials. It has been also found, however, 
20 that too large amounts of either of U or Co are ineffective. 

Table 1 



30 







Proportion of U. x 






1.0 


1.01 


1.025 


1.05 


1.10 


1.15 


1.20 


Proportion 


0 


0.44 


0.43 


0.40 


0.36 


0.33 


0.38 


0.41 


of 


0.01 


0.34 


0.33 


0.32 


0.32 


0.31 


0.32 


0.39 


Co, 


0.02 


0.29 


0.22 


0.21 


0.20 


0.18 


0.19 


0.38 


y 


0.05 


0^ 


0.20 


0.15 


0.13 


0.14 


0.18 


0.36 




0.10 


0^ 


0.19 


0.14 


0.10 


0.10 


0.18 


0.34 




0.20 


0.25 


0.19 


0.14 


0.12 


0.10 


0.18 


0.33 




0.30 


0.26 


0.22 


0.21 


0.19 


0.16 


0.21 


0.33 




0.40 


0.36 


0.35 


0.35 


0.34 


0.31 


0.37 


0.39 



Examples 1 to 4 indicate that non-aqueous electrolyte secondary cells having a good cycle life. i.e.. a 
large discharge capacity even after a certain cyclic operation could be obtained using the yxCOyMn(2.y)04 
with a proportion of Co. y t)eing 0.02 or more but 0.3 or less, and with a proportion of LI. x being 1 or more 
but 1.15 or less. 

Example 5 

A case of UxCOyMn(2.y)04 with x t>elng 1 or less was studied. 



Preparation of LIMn204 

The preparation was conducted as In Example 1 . 



Preparation of LixMn20» 
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□2003 and MnaOi were intimately nr>ixed in such amounts as achieving predetemilned x of Li atoms 
and 2 mols of Mn atoms, and then the mixture was heated in air at a temperature of 900* C for 10 hours to 
produce UxMn204. wherein x = 0.95. 0.90. 0.85 or 0.80 as positive electrode active materials. 



Preparation of LixC0vMn(2^^>0» 

tJ2C03, Mh304 and C0CO3 were intimately mixed in such proportions as achieving the predetermined x 
of Li atoms, y mols of Co atoms and 2-y mols of Mn atoms, and then the mixture was heated in air at a 
10 temperature of 900* C for 10 hours to produce UxCOyMn^e^yP^ wherein x ^ 0.95, 0.90, 0.85 or 0.80, and y 
= 0.01 , 0.02. 0.05, 0.1. 0.2. 0.3 or 0.4 for each x as positive electrode active materials. 



Manufacture of cells and charging-discharging test 

16 

The procedures of Example 1 were repeated. 

Under the indicated conditions, at the first cycle, the cells were charged until a proportion of x in the - 
positive electrode active material reached below 0.7. i.e., 0.3, and discharged until the x reached 1. as can 
be seen from FIGURE 2. 

20 FIGURE 6 is a plot of the discharging capacity versus the x from lJxMn204. It can be seen from this 

FIGURE that the smaller the value of x, the higher the discharge capacity. 

The cycling characteristics of the positive electrode active materials were represented by an Index 

which Is a product obtained by subtracting the discharge capacity at the 50th cycle from that at the tenth 

cycle, and dividing the difference by the latter discharge capacity. That Is, the Index means a rate of 
25 detrtoration with cycles, the value of which should be lower for higher performance. RGURE 7 is a plot of 

the deterioration rate for the cycles versus the x from LixMn204. As the value of x was decreased, the 

deterioration rate was Increased. 

Then, using the .LtxC0yMnp^)04 with a part of Mn atoms being replaced by Co atoms, cells were 

manufactured and tested for charging and discharging properties. 
30 Table 2 shows the discharge capacity in terms of mAH at the 50th cycle as a function of x and y from 

the LixCOyMn|2.y)04. Table 3 shows the rate of deterioration with cycle of each active material. 

Table 2 



35. 



45 







Proportion of Li, x 


1.0 


0.95 


0.90 


0.85 


0.80 


-Proportion— 
of 
Co. 

y 


-a 


-3;8- 


-3:4— 


—3.1 — 


3^ - 


2.6 


0.01 




4.8 


4.6 


4.6 


3.6 


0.02 


4.9 


5.6 


6.1 


5.4 


4.4 


0.05 


5.1 


5.8 


6.2 


5.5 


4.5 


0.1 


5.2 


6.0 


6.5 


5.7 


4.6 


0.2 


5.2 


6.0 


6.2 


5.7 


4.6 


0.3 


5.1 


5.9 


6.1 


5.5 


4.6 


0.4 


4.3 


4.6 


4.5 


4.1 


3.2 
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Tables 







Proportion of U, x 






1.0 


0.95 


0.90 


0.85 


0.80 


rToponion 


u 


0.44 


0.55 


0.61 


0.64 


0.70 


OT 


0.01 


0.34 


0.43 


0.44 


0.47 


0.59 


Co 




0.29 


0.29 


0.29 


0.39 


0.50 


y 


0.05 


0.27 


0.27 


0.28 


0.38 


0.49 




0.1 


0.25 


0.25 


0.25 


0.37 


0.48 




0^ 


0.25 


0.25 


0.28 


0.37 


0.48 




0.3 


0.26 


0.26 


0.29 


0.38 


0.48 




0.4 


0.36 


0.40 


0.46 


0.53 


0.63 



FIGURE 8 shows discharge curves for an embodiment of the present invention. I.e., cell D using 
U0.9Coo.1Mn1.9O4 and conventional cell B using LJMn2 04 at the 50th cycle. 
It can be appreciated that the cells of the present invention is superior. 

In the above, the cycling characteristics can be enhanced when y from the IJxCOyMn(2.y)04 is 0.02 or 
more but 0.3 or less, and In addition, the discharge capacity Is higher when x is 0.85 or more but less than 
1 as compared with LJMn204. 

X-ray diffraction analysis has shown that the LlxG0yMn|2-y)04 in accordance with the present invention 
has almost the same diffraction pattern as that of LiMn204. However, the locations of peaks In the pattern 
are shifted to a higher angle as compared with those of LiMn204. and the lattice constant of the 
Llo^Coo.iMnij04 obtained from the diffraction peaks is 8.21 A, l.e., smaller than 8.24 A of LIMn204. K is 
believed that the contract of the lattice constant stabilizes the crystal causing enhancement of the cycle life. 

From Example 5, the non-aqueous electrolyte secondary cells can be Increased In capacity as well as 
enhanced In cycle life by using as positive electrode active materials the solid solution represented by the 
formula, UJiOy^^O^, wherein 0.85 £ x < 1 . 0.02 ^yS 0.3. 

As a result of Examples 1 to 5, the non-aqueous electrolyte secondary cells can be Increased in 
capacity as well as enhanced In cycle life by using as positive electrode active materials the solid solution 
represented by the formula. LixCoyMn|2.y)04. wherein 0.85 S x < 1.15. 0.02 ^yS 0.3. 

In the next place, the active materials of LIMn204 with a part of Mn atoms being replaced by Cr or Fe 
were-exaroined. It h as be enJound-tiiat4hey~wer^-positivB-elecbode^ctive-materials-Gapable of-pro^^ 
secondary cells having a good cycle life. 1.0., a higher discharge capacity at the fifth cycle et seq. though 
the discharge capacity at the first cycle was a littie reduced. 

The results as described above is believed to be attributed to the fact that the reduction of the lattice 
constant of the spinel structure by substituting Fe or Cr atoms for a part of Mn atoms in UxMn204 causes 
an Increase of the stability of the crystal to improve the cycling characteristics similarly to the case by 
substituting Co atoms. Moreover. It has been found that as tiie x from UxMnaO* wrth a part of Mn atoms 
being replaced by Fe or Cr atoms is Increased than 1. the cycle life are further enhanced. 



Example 6 



Preparation of UMyMng^rtO* (M « Cr, Fe) 

UaCOa, Mn3G4 and CraOa or Fe203 were intimately mixed In such proportions as achieving 1 mol of U 
atoms, y mols of Cr or Fe atoms and 2-y mols of Mn atoms, and then the mixture was heated in air at a 
temperature of 900* C for 10 hours to produce LixMyMnp.y)04, wherein for Cr or Fe, y. « 0.01, 0.02, 0.05, 
0.1 . 0.2, 0.3 and 0.4 as positive electirode active materials. 

Manufacture of cells and charging-dlscharging test were perfonmed as in Example 1. 

Under the Indicated conditions, at the first cycle, the cells were charged until a proportion of x in the 
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positive electrode ac«ve material reached below 0.7. 1.e.. 0.3. and discharged until the x reached 1. as can 
be seen from FiQURE 2. 

. ic charge^ischarge curves for an embodiment of the present invention. i.e.. cell E using 

UFeo5Mnij04 and conventional cell B using UMn204 at the 100th cycle. 
" J". '!L5®.?*"^® con-esponding to the dischargings. a charging voltage of not less than 4 

vote is required. Moreover, the cells of the present invention were higher in a quantity of electricity for 
either charging or discharging. ~> j w ly im 

E4GURE 10 is a plot of the discharge capacity at each cycle. It can be seen from this FIGURE that the 
♦ active materials of the present invention results in good cycle Hfe. Chemical analysis has shown 
TO that at the end of charging at the 101th cycle, x was 0.84 for the conventional active materials, while 0.56 
f t been found that the deterioration with cycles could be caused by 

t«n^n?°? J^!«*"^ff """^ f ^^"^ ""^^''^'^ ""^"9 '^Oit^ Impossible, that is. by a less 
tendency to extraction of U ions from the active materials. 

16 UF^n'i^* ^ ^ discharge capacity In terms of mAH at the 50th cycle as a function of y from the 

RQURE 16 shows the rate of deterioration with cycles for each active material. Comparing with the 
conventional cell at y = 0 it can be seen that the cells in accordance with the present invention is superior 
hoiJI ^n, '^cognteed from the above that the rate of deterioration with cycles becomes smaller with y 
being 0.02 or more. When y is beyond 0.3. the rate of deterioration increases. This is believed due to the 
occurrence of strain in the crystal. This caused an reduction in discharge capacity as shown in FIQURE 11 
Therefore, the value of y should preferably be 0.02 or more but 0.3 or less 

«nH^.^f *' "^„"'^"'°*.r!I!' ® °* ^ ^""^ ™P'«°^ ^ Cr atoms, celts were manufactured 

discharging properties in the same way as described previously. 
28 with y being Jaried"*^ deterioration with cycle of cells using the acth/e material. UCr^n^O* 

on JUST-if ^^''o n?-*'^* ^ material, again good results were obtained under the 

condition that y was 0.02 or more but 0.3 or less simllarty to the case using the UFe,Mno.«Ot. 

30 Example 7 

ratecte of the value of x from the U,M^n^^ chefmlcally synthesized on the cycling characteristics 



38 



40 



were studied. 



Preparation of U,MyMne^aO> (M ° Cr. Fe> 

, UzCOa. Mn304 and Cr203 _OLFgg0^wereJntimat^^ ^ U 

atoms, y mo^ of Cr or Fo atoms and 2-y mote of Mn atoms, and then the mixture was heated in air at a 

^T^TII^ °' ^° ^ P'"*** ^ UJwywinp.yP*. wherein x = 1.0. 1.01. 1.025. 1.05. 1.10. 

1.15 and 1.20 corresponding to y = 0. 0.01. 0.02. 0.05. 0.1. 0.2. 0.3. and 0.4 for Cr or Fe 

Manufacture of cells and charging-discharging test were performed in the same way as in Example 1 
-r u. ! I®*® u «ere detennined for the cycling characteristics as in Example 6. and shown in 

Table 4 for the active materials corresponding to the values of x and y In the case using Fe as M. It has 
»h?"r^L'^H "] ^ proportions of U. x and of Fe. y are both effecHve for enhancement of 

ir^n^«J^ J. !!^°^« ^-^^e materials. It has also been found, however, that too large 

proporttons of erther of U or Fe causes an reduction of the cycle life as shown in Example 1. When a 
proportion of F^ Is 0.02 or more but 0.3 or less, that of U should be i or more but 1.15 or less 
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Table 4 







Proportion of Li. x 






1.0 


1.01 


1.025 


1.05 


1.10 


1.15 


1J20 


Proportion 


0 


0.44. 


0.43 


0.40 


0.36 


0.33 


0.38 


0.41 


of 


0.01 


0.34 


0.33 


0.32 


0.32 


0.31 


0.32 


0.39 


Fe, 


0.02 


0.29 


0.23 


0.16 


0.15 


0.15 


0.19 


0.38 


y 


0.05 


0^ 


0.20 


0.15 


0.15 


0.15 


0.18 


0.32 




0.10 


0.20 


0.18 


0.14 


0.12 


0.12 


0.18 


0J29 




0.20 


0.17 


0.19 


0.14 


0.12 


0.12 


0.18 


026 




0.30 


0.23 


0.22 


0.15 


0.14 


0.15 


0.21 


02B 




0.40 


0.35 


0.34 


0.34 


0.34 


0.34 


0.38 


0.44 



Similarly, when Cr was used as M, the same results as those using Fe were obtained. V/hen a 
proportion of Cr was 0.02 or more but 0.3 or less, that of L! of 1 or more but 1.15 or less resulted In good 
performance. 

Examples 6 and 7 as described above indicate that the non-aqueous electrolyte secondary cells having 
a negative electrode of lithium or a lithium compound, containing a lithium salt, and having a good cycle life 
can be obtained by using an active material represented by the general formula. UxMyMn<2-y>04, wherein M 
is at least one selected from the group consisting of Cr, Fe and the nice. 1 Sx< 1.15. 0.02 ^ y ^ 0.3, and 
by allowing the composition of the active material in a charged state to have the general formula, LixMyMn(2. 
y)04, wherein x £ 0.7. 

In addition, the case of UxMyMn|2.y)04 (M = Fe. Cr) wherein x is less than 1 was studied. 



Example 8. 



Preparation of LixMyMng.y)04 (M g Cr. Fe) 

Li2C03. Mn304 and OxzOz or FeaOa were intimately mixed In such proportions as achieving x mol of Li 
"atomsr^-mol3-of-Gr-or-F=e-atoms and-2-y--mols-of-Mn-atoms,-and-then4he-^ 

temperature of 900* C for 10 hours to produce UxMyMn<2^ O4. wherein x » o.95. 0.90, 0.85 and 0.80 
corresponding to y « 0. 0.01. 0.02. 0.05. 0.1. 0.2, 0.3 and 0.4 for Cr or Fe, as positive electrode active 
materials. 

Manufacture of cells and charging-discharging test were performed as in Example 1. 

Under the indicated conditions, at the first cycle, the cells were charged until a proportion of x in the 
positive electrode active material reached below 0.7. i.e.. 0.3. and discharged until the x reached 1. as can 
be seen from RQURE 2. In case x is over 0.7 at the end of discharging, the discharge capacity is too small 
to be praictical. 

FIGURE 14 shows charge-discharge cun^es for embodiments of the present Invention, i.e., cell F using 
UojFeo^Mni^O*. and cell Q using LiojCraaf^nijO*. and comparative example cell H using Uo.gMn204 
containing less U, no Fe nor Cr, and conventional cell B using LiMn204 at the SOtfi cycle. In view of the 
charge curves corresponding to the dischargings. a charging voltage not less than 4 volts is required as can 
be seen, h/loreover, the cells of the present invention v^re higher In a quantity of electricity for either 
charging or discharging. 

RQURE 15 Is a plot of the discharge capacity of these cells, Fe. H, and B at each cycle. It can be seen 
from this RGURE that the use of the active materials of the present invention resuKs in good cycle life. 

Chemical analysis has shown that at the end of charging at the 101th cycle, x was 0.84 for the 
conventional B. while 0.58 for A of tiie present invention. It has been found that the deterioration with cycles 
could be caused by destruction of the crystallinity of the active materials making charging impossible, that 
is, by a less tendency to the extraction of Li ions from the active materials. 
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FIGURE 16 shows the discharge capacity In terms of mAH of the cell using the Llo^FeyMnt2.y)04 at the 
50th cycle as a function of y. It can be seen that the cells in accordance with the present invention is 
superior to the conventional cell corresponding to y = 0. 

The cycling characteristics of the positive electrode active materials were represented by an Index 
which Is a product obtained by subtracting the discharge capacity at the 50th cycle from that at the tenth 
cycle, and dividing the difference by the latter discharge capacity. That is. the index means a rate of 
deterioration with cycles, the value of which should be lower for higher performance. 

FIGURE 17 shows the rate of deterioration with cycle of each active material. It can be recognized that 
the cells of the present invention is' superior to the conventional one corresponding to y = 0. 

Similarly, the rate of deterioration with cycles when using the active material, Lio^CryMn«^04 as a 
function of y is shown in FIGURE 18. 

X-ray diffraction analysis has shown that the Lio^FeyMntz^O^ and the Uo^CryMn^s^p* in accordance 
with the present invention has almost the same diffraction pattern as that of LiMn204. However, the 
locations of peaks in the patterns are shifted to a higher angle as compared witii those of LIMn204, and the 
76 lattice constants obtained from the diffraction peaks were smaller than tiiat of UMn204. It is believed that 
the contract of the lattice constant stabilizes the crystal causing enhancement of the cycle life. 

n can be recognized from the above that the rate of deterioration with cycles becomes smaller when y 
Is 0.02 or more. When y is in excess of 0.3. the rate of deterioration Increases with cycles. This is believed 
due to occurrence of strain in the crystal. This caused a reduction in discharge capacity as shown in 
20 FIGURE 16. Therefore, the value of y should preferably be 0.02 or more but 0.3 or less. 

Then, the positive electixide active materials of LixFeyMnca^O* with x and y being varied were 
synthesized, and cells were manufactured and tested for charging and discharging properties In the same 
way as described previously. Table 5 shows tiie discharge capacity of the UxFeyMn(2-y>04 at the 50th cycle 
in tenns of mAH as a function of x and y. Table 6 shows the rate of deterioration with cycle of each active 
2S material. 



Table 5 



90 



95 



40 







Proportion of Li, x 


1.0 


0.95 


0.90 


0.85 


0.80 


. Proportion 
of 
Fe. 

y 


0 


3.8 


3.4 


3.1 


3.0 


2.6 


0.01 


4.8 


4.3 


4.6 


4.8 


3.6 


0.02 


5.2 


5.5 


5.9 


5.7 


4.1 


0.05 


5.5 


5.8 


6.1 


6.0 


4.4 


OA 


5.8- 


— 6^-- 


— 6r1— 


— 6;0— 


— 4^— 














0.2 


6.0 


6.2 


6.1 


6.0 


4.5 


0.3 


5.2 


5.6 


6.0 


5.5 


4.4 


0.4 


4.0 


5.0 


5.2 


3.8 


3.0 



SO 
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Tables 







Proportion of Li. x 






1.0 


0.95 


0.90 


0.85 


0.80 


Proportion 


0 


0.44 


0.55 


0.61 


0.64 


0.70 


of 


0.01 


0.34 


0.45 


0.45 


0,46 


0.60 


re. 


n no 


0.29 


0.31 


0.31 


0.36 


0.54 


y 


0.05 


0.25 


0.29 


0.29 


0.33 


0.51 




0.1 


0.20 


0.29 


0.29 


0.33 


0.50 




0.2 


0.17 


0.29 


0.29 


0.33 


0.50 




0.3 


0.23 


0.30 


0.30 


0.38 


0:50 




0.4 


0.35 


0.36 


0.37 


0.55 


0.65 



As can be seen from the above, the cycle life can be enhanced when y from the UxFeyMn(2.y)04 is 0.02 
or more but Q.3 or less, and in addition, the discharge capacity is higher when x is 0.85 or more but less 
than 1 as compared with the conventional UMn204 and the comparative example Lii(Mn204. 

Moreover. LixCryMni2^04 was studied. 

As a result, a similar tendency to that In the case of the UxFeyMni2.y)04 was attained. That is, the cycle 
life can be enhanced when y from the LixCryMn(2.y)04 is 0.02 or more but 0.3 or less, and in addition, the 
discharge capacity Is higher when x is 0.85 or more but less than 1 as compared with those in the cases of 
the conventional LJMn204 and the comparative example LixMn204. The reason that even when Fe is 
coritalned. the discharge capacity becomes higher with x being below 1 as comp>ared with that at x = 1 as 
shown In Table 5 Is believed due to the fact that the discharge capacity at the first cycle is increased with x 
being not higher than 1, and further the cycle life are enhanced by inclusion of Fe as shown in FIGURE 6. 

The present invention has been illustrated with reference to the results when charging was effected up 
to 4.5 volts with X being reduced to 0.7 or less, and discharging until x reaches 1. However, the present 
Invention should not be llmted to the case of x being 1. but it is effective to the case where charging is 
carried out until x becomes 0.7 or less and discharging until x becomes 1 or more to 1.8. 

In Example 8, there can be provided non-aqueous electrolyte secondary cells having a negative 
electrode of lithium or a lithium compound, non-aqueous electrolyte containing a lithium salt, and having a 
good cycle life by using a positive electrode active material represented by the general formula. UJMy^^Oi. 
•wherein'M-l8-at4eastorie-selected-from-ttie-^roup.conslsticig-ofXr,.J^ 
yiO.3. 

Summarizing Examples 6 to 8, there can be provided rxm-aqueous electrolyte secondary cells having a 
negative electrode of lithium or a lithium compound, non-aqueous electrolyte containing a lithium salt, and 
having a good cycle life tiy using a positive electrode active material represented by the general formula, 
LJxMyl^n^.y)04. wher^n M is at least orte selected from the group consisting of Cr. Fe and the like. 0.85 S x 
< 1.5, and 0.02^ 0.3. 

Moreover, summarizing Examples 1 to 8, there can be provided non-aqueous electrolyte secondary 
cells having a negative electrode of lithium or a lithium compound, non-aqueous electrolyte containing a 
lithium salt, and having a good cycle life by using a positive electrode active material represented by the 
general formula. UxMyMn(2^04, wherein M is at least one selected from the group consisting of Cr, Fe and 
^the liice, 0.85 ^ x < 1 .5. and 0.02 ^ y ^ 0.a 

Examples where discharging was stoped at 3 volts have been described. Alternatively, with the active 
materials of the present invention, discharging may be conducted to a large extent to 2 volts, that is. 
dischargings not only at the first step, but also at the second step may be conducted as shown in RQURE 
2 without affecting the good cycle life. 



Example 9 

Using the similar active materials to those as described In Examples 1 to 8, cells were manufactured 
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similarly. 



Charging and discharging test of cells 

5 

These cells were charged to 4.5 volts at a constant electric current of 2 mA and discharged to 2 volts, 
which charging and discharging cycle was repeated. 

Under the above conditions, at the first cycle, the cells were charged until a proportion of U. x in the 
positive electrode active material reached below 0.7, l.e.. In the order of 0.3, and discharged until the x 
70 reached 1 .8, as can be seen from RGURE 2. 

The active materials of the present invention as described In Examples 1 to 8 exhibited good cycling 
characteristics even when discharging to 2 volts. 

FIGURE 19 shows the discharge curve at the first cycle of cell I using LICoo^Mni^Oi. an embodiment 
of the present invention (H), the discharge curve at the 50th cycle thereof (1-50). and the discharge curve at 
76 the first cycle of conventional cell B using UMn204, (B-1). the discharge curve at the 50th cycle thereof (B- 
50). The cells of the present Invention exhibited less deterioration with cycles. Comparing the discharge 
curve at the first cycle of cell B with that at the 50th cycle thereof, a cfischarging time at the second step 
from 3 volts or less but 2 volts or more was somewhat shortened Indicating occun-ence of some 
deterioration. However, a discharging time at the first step from 4.5 volts or less but 3 volts or more was 
20 considerably shortened Indicating occurence of a great deterioration. It can be found that cell I according to 
the present invention was subjected to little deterioration at the second step, and also a less deterioration at 
the first step. 

This result Indicated that the deterioration with cycles occurs significantly In the region of the first step. 
Therefore, It can be understood that the active materials of the present invention as described In Examples 
25 1 to 8 exhibited good cycling characteristics even when dischairglng to 2 votts because of less deterioration 
at the first step. 



Example 10 

30 

Using the same active materials as tiiose of Examples 1 to 8, cells were manufactured similarly, except 
that the electrolyte was changed. An electrolyte was prepared using the combination of a solute and a 
solvent from solutes of lithium salts such as LICIO4. UAsFe. UPFs. and UBF4 and solvents such as 
propylehecarbonate and a mixed solvent of propylenecarbonate and 6thylenecari>onate in a volume ratio of 
S5 1:1. 

Test of cells was the same as that In Example 1. The results were almost Identical with those In 
Examples 1 to 8. The active materials of tiie present inventioi) exhibited good cycling characteristics. 

The fact Indicates that tiie active materials of the present invention exhibits good characteristics 
Independently of the type of a norvaqueous electrolyte containing a lithium sait. 
40 Using the same active materials as tiiose In Examples 1 to 8. cells were manufactured similarly, except 
that the negative electrode was changed. An electrode of an LI-AI alloy or WOa intercalated with U was 
used. Tost of cells was the same as that In Examples 1 and 9. The results were almost Identical witfi tiiose 
In Examples 1 and 9. The active materials of the present Invention exhibited good cycling characteristics. 

46 

Example 12 

Using the same active materials as those In Examples 1 to 8, cells were manufactured simrlariy. 
Charging and discharging were conducted under the same conditions as those in Example 1, except that 

60 the quantity of electricity was changed. Variation of the charging quantity of electrcity varies a value of x 
from the UxMyMn^^Oi at the end of charging. Relationship between the quantity of electricity charged and 
tfie quantity of electricity discharged was studied by converting to the value of x at the end of charging and 
a quantity of electricity discharged. RGURE 20 is a plot of the relation between the quantity of electricity 
charged and the quantity of electricity discharged at the first cyde of the cell using UCooj-Mni^Oi, an 

66 embodiment of ttie present Invention in accordance with the aforementioned convertion. Thus, a sufficient 
discharge capacity could be obtained when the composition of ttie positive electrode active material In a 
charged state has x of 0.7 or less. This result that a sufficient discharge capacity could be obtained when 
the composition of the positive electrode active material in a charged state has x of 0.7 or less was identical 
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with those in other cases including conventional examples. 

Summarizing the results described in Examples 1 to 12. a non-aqueous electrolyte secondary cell 
having a negative electrode of lithium or a lithium compound, and a non-aqueous electrolyte containing a 
lithium salt may be improved by using a positive electrode active material represented by the general 
5 formula. LixMyMn(2.y)04. wherein M is at least one selected from the group consisting of Co, Cr, Fe and the 
like. 0.85 ^ x < 1.15. and 0.02 ^ y S 0.3. and by allowing the composition of the active material in a charged 
state to have the general formula, LixMyMn(2.y>04. wherein x ^ 0.7. owing to the extraction of lithium ions on 
charging so that it has enhanced cycling characteristics and a sufficient discharge capacity even after some 
cyclic operations. Therefore, the present Invention maks a significant contribution to industry. 

10 

Claims 

1 . A non-aqueous electrolyte secondary cell comprising a negative electrode composed of at least one 
IB selected from the group consisting of lithium and lithium compounds*, a non-aqueous electrolyte containing 

a lithium salt, and a positive electrode active material having a composition represented by the general 
formula. IJxMyMn|2^04. wherein M is at least one selected from the group consisting of Co. Cr, Fe and the 
like. 0.85 ^ X < 1.15, and 0.02 S y ^ 0.3. 

2. The non-aqueous electrolyte secondary cell according to Claim 1. wherein said positive electrode 
20 active material in a charged state has a composition represented by the general formula. LiKMyMn(2.y)04. 

wherein x S 0.7, owing to the extraction of lithium ions from said positive electrode active material on 
charging. 

3. The non-aqueous electrolyte secondary cell according to Claim 1 or 2. wherein said charging is 
performed at 4 volts or more. 

25 4. A nor>-aqueous electrolyte secondary cell comprising a negative electrode composed of at least one 
selected from the group consisting of lithium and lithium compounds, a non-aqueous electrolyte containing 
a lithium salt and a positive electrode active material having a composition represented by the general 
formula, LixMyMn(2^04, wherein M Is at least one selected from the group consisting of Co, Cr. Fe and the 
like. 0.85 ^ x < 1.15, and 0.02 ^ y ^ 0.3. said positive electrode active material in a charged state having 

30 the composition represented by the general formula. LixMyMn(2.y)04. wherein x S 0.7, owing to the extraction 
of lithium ions from said positive electrode active material on ciuirglng. 

5. A non-aqueous electrolyte secondary cell comprising a negative electrode composed of at least one 
selected from the group consisting of lithium and lithium compounds, a non-aqueous electrolyte containing 
a lithium salt, and a positive electrode active material having a composition represented by the general 

35 formula, LixMyMn(a^04. wherein M is Co. 0.85 ^ x < 1.15, and 0.02 ^ y £ 0.3. 

6. The non-aqueous electrolyte secondary cell according to Claim 5. wherein said positive electrode 
active material in a charged state has a composition represented by the general formula. UxMyMn(2^)04. 
wherein X S 0.7, owing to the extraction of lithium i ons from s aid positive electrode active material on 
charging. '• 

40 ' 7. The non-aqueous electrolyte secondary cell according to Claim 5 or 8, wherein s^d charging is 
performed at 4 voHs or more. 

8. A nor>-aqueous electrolyte secondary cell comprising a negative electrode composed of at least one 
selected from the group consisting of lithium and lithium compounds, a non-aqueous electrolyte containing 
a lithium salt and a . positive electrode acthre material having a composition represented by the general 

45 formula. UxMyMn(2.y)04. wherein M is Co. 0.85 ^ x < 1.15. and 0.02 ^ y < 0.3, said positive electrode active 
material in a charged state having the composition represented by the general formula, LixMyMn(2.y)d4. 
wherein x S 0.7. owing to the extraction of lithium Ions from said positive elecbrode active material on 
charging. 

9. A non-aqueous electroiyte secondary cell comprising a negative electrode composed of at least one 
50 selected from the group consisting of lithium and lithium compounds, a non-aqueous electrolyte containing 

a lithium salt and a positive electrode active material having a composition represented by the general 
formula, LlxMyMnc2.y)04. wherofn M Is at least one selected from the group consisting of Cr, Fe and the like, 
0.85 Sx< 1.15. and 0.02 ^ y ^ 0.3. 

10. The non-aqueous electrolyte secondary cell according to Claim 9, wherein said positive electrode 
65 active material in a charged state has a composition represented by the general fonmula, UxM,Mn(2^04. 

wherein x S 0.7, owing to the extraction of lithium ions from said positive electrode active material on 
charging. 

11. The non-aqueous electrolyte secondary cell according to Claim 8 or 10; wherein said charging is 
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performed at 4 volts or more. 
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FIG. 10 
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FIG. 13 
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FIG. J4 
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FIG. 16 
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FIG. 17 
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FIG. 18 
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